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ABSTRACT 

Context. We have substantial information about kinematics and abundances of galaxies at z ~ 3 studied in absorption against the 
light of background QSOs. At the same time we have studied 1000s of galaxies detected in emission mainly through the Lyman-break 
selection technique. However, we know very little about how to make the connection between the two data sets. 
Aims. We aim at bridging the gap between absorption selected and emission selected galaxies at z ~ 3 by probing the faint end of the 
luminosity function of star-forming galaxies alz ~ 3. 

Methods. Narrow-band surveys for Lyman-o- (Lyo-) emitters have proven to be an efficient probe of faint, star-forming galaxies in 
the high redshift universe. We have performed narrow-band imaging in three fields with intervening QSO absorbers (a damped Lyo- 
absorber and two Lyman-limit systems) using the VLT. We target Lyo- at redshifts 2.85, 3.15 and 3.20. 

Results. We find a consistent surface density of about 10 Lyor-emitters per square arcmin per unit redshift in all three fields down 
to our detection limit of about 3 x 10 4 'ergs s . The luminosity function is consistent with what has been found by other surveys at 
similar redshifts. About 85% of the sources are fainter than the canonical limit of R = 25.5 for most Lyman-break galaxy surveys. In 
none of the three fields do we detect the emission counterparts of the QSO absorbers. In particular we do not detect the counterpart of 
the z = 2.85 damped Lyo- absorber towards Q2138-4427. This implies that the DLA galaxy is either not a Lya emitter or fainter than 
our flux limit. 

Conclusions. Narrow-band surveys for Lyce emitters are excellent to probe the faint end of the luminosity function at z ~ 3. There 
is a very high surface density of this class of objects. Yet, we only detect galaxies with Lyo- in emission and hence the density of 
galaxies with similar broad band magnitudes will be substantially higher. This is consistent with a very steep slope of the faint end 
of the luminosity function as has been inferred by other studies. This faint population of galaxies is playing a central role in the early 
Universe. There is evidence that this population is dominating the intergrated star-formation activity, responsible for the bulk of the 
ionizing photons at z > 3 and likely also responsible for the bulk of the enrichment of the intergalactic medium. 

Key words, cosmology: observations - quasars: individual BRI 1346-0322, BRI 1202-0725, Q 2138-4427 - galaxies: high redshift 



1 . Introduction In 2000 we started a survey aiming at bridging the gap be- 

5^ ■ . . . _. . . . _. tween emission and absorption selected galaxies. The goal of 

C3 ■ Strong arguments (|Fynbo et alJ 1999; Haehnelt et al. 2000; the sur vey was to detect faint z * 3 galaxies using narrow-band 

lSchaye| |200j |Rauch et alJ |2008t |Barnes & Haehnelt| |2008j) in- i mag i ng selection of Lyman-a (Lya) emitters (LAEs) and in this 



dicate that there is very little overlap between emissi on selected way brid g e the gap between the DLAs and the LBGs. During 

galaxies (primarily Lyman-Break Galaxies, LBGs, jSteidel et alJ the i990ies and early 2000s it was established that LA Es can be 

|200j and absorption selected galaxies (primarily the Damped used t0 select high . z ga i axies ( e .g. lM0ller & Warrel3[T99l and 

Lyman-a Absorbers, DLAs | Wolfe et alj | 2005|) . The simple rea- that this met hod easily traces significantly deeper into the lumi- 

son for this is that LBG samples are continuum flux limited and nosity function th an what is possible with spectroscop ic sam- 

that the current flux limit of R^25.5 is not deep enough to reach ples of LB Gs (e.g. lCowie & HvJfT^lFvribo et al]l2Tj0lh . In our 

the level of typical absorption selected galaxies. This is unfortu- survey we targeted the fields of QSOs with intervening DLAs 

nate as we then know little about how to combine the detailed pr i mar ii y to be able also to search for the galaxy counterparts 

information on abundances and kinematics inferred from obser- of tne DLAs, but also to anchor the fields to known structures 

vations of DLAs with the information about colours and lumi- at the tar geted redshif t s. The first paper of the survey was pub- 

nosities of high-z galaxies detected in emission. lishe d bv lFvnbo et all J200l) (hereafter Paper I), where we pre- 

sented the results from two of the three targeted fields. Since then 

Send offprint requests to: L.F. Grove, lisbeth@dark-cosmology.dk the study of LAEs has progressed substantially, mainly on two 

* Based on observations collected at the European Organisation for fronts. First, large samples covering a range of redshifts have 

Astronomical Research in the Southern Hemisphere, Chile, under pro- been collected using wide-field imag ers both on 4m and 8m 

grams 67.A-0033, 267.A-5704, 69.A-0380, 70.A-0048, and 072.A- class telescopes (e.g. iGronwall et al] 120071; lOuchi et all [2008; 
0073. 
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iNilsson et al.ll2008l ). Second, more detailed studies of the prop- 
erties have been carried thro ugh, most notably based on LAEs 
in the GOODS fields (e.g INilsson et ail 120071: iGronwall etal] 
l2007tlPentericci et al.ll2008l) . 

In this final paper from our "Building the bridge" survey we 
first present the results from the third field, namely the sample 
of LAEs identified in the field of the quasar BRI 1202-0725. 
Second, we combine the results of the entire survey covering 
three fields to derive the luminosity function of the LAEs at 
z ~ 3. We then discuss our results in the light of the substan- 
tial progress that has been made by a number of groups over the 
last few years on the study of LAEs at z > 2. 

Throughout this paper, we assume a cosmology with Ho = 
70 km s _I Mpc -1 , Q. m = 0.3 and Q A = 0.7. W e also throughout 
use magnitudes on the AB system dOkdl 1974b . 



2. The field of BR1 1202-0725 

2.1. Imaging 

The field of BRI 1202-0725 (z qso = 4.70) was included in 
this survey due to the presence of a Lyman-limit system along 
the line-of-sight towards the quasar at a redshift of z = 3.2 
dStorrie-Lombardi et al.l IT996b . This field was observed in ser- 
vice mode at the VLT 8.2 m telescope, unit Yepun, during the 
nights January 30 through February 6 2003 using the FORS2 in- 
strument. The wavelength of the Lya transition at the redshift of 
z = 3.20 is A = 5 105 A, which corresponds to the central wave- 
length of the 61 A wide [OIII] VLT filter. The field was observed 
in this narrow-band filter (NB) and in the Bessel V and Special 
R filters. The transmission curves of the three filters are shown 
in Fig. Q] The integration times in the V and R filters were set 
by the criterion that the broad on-band V imaging should reach 
about half a magnitude deeper than the narrow-band imaging 
so as to get a reliable selection of objects with excess emission 
in the narrow-band filter. For the broad off-band R imaging, we 
aimed at reaching the 5cr significance level at one magnitude 
deeper than the spectroscopic limit of /?(AB)=25.5 for LBGs 
(i.e. aiming at /?(AB)=26.5 at the 5cr significance level). The 
total integration times, the seeing (FWHM) of the combined im- 
ages and the 5<x detection limits for a 3"diameter aperture are 
given for each filter in Table [T] For comparison with previous 
work we also list the corresponding numbers for the fields of 
BRI 1346-0322 and Q 2138-4427 presented in Paper fl 

The images were reduced (de-biased and corrected for 
CCD pixel-tq-pixe l variations) using the FORS pipeline 
dGrosb0l et alJI 1999h . The individual reduced images in each fil- 
ter were combined using a code that optimizes the Signal-to- 
Noise (S/N) ratio for faint, sky-dominated sources (see M0ller 
& Warren 1993 for details on this code). 

The broad-band images were calibrated as part of the 
FORS calibration plan via observations of Landolt standard 
stars (Landolt 1992). We transformed the zero-points to th e 
AB system using the relations given by Fukugi taet al.l d 19951) : 
V(AB)=V-0.02 and fl(AB)=K+0.17. For the calibration of the 
narrow-band images, we used observations of the spectrophoto- 
metric standard stars EG274 and GD7 1 . 



1 Note that due to an error in the photometric zeropoints used in that 
paper the listed broad band detection limits are slightly different from 
the original ones (by about 0.15 mag). This is not affecting the conclu- 
sions of that paper. 
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Fig. 1. Transmission curves of the narrow- and broad-band filters 
used for the observations of BRI 1202-0725. 

Table 1. Log of imaging observations with FORS1 and 2 of 
the three surveyed fields. The 5<x detection limits are computed 
for a 3"diameter aperture. The data for BRI 1346-0322 and 
Q 2138-4427 are reproduced from Paper I. 
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26.1 


BRI 1346-0322 


3.99,3.15 
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8.9 


0.93 


25.6 
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1.02 


26.6 


R 




1.7 


0.94 


26.0 


Q 2138-4427 


3.17, 2.85 








N 




10.0 


0.96 


26.5 


B 




2.5 


1.04 


26.9 


R 




1.7 


0.93 


26.3 



" Due to the higher target redshift of this field the wavelength of the 
Lyo--line was matched by the V-band rather than B. 



2.2. LAE candidate selection 

The selection of LAE candidates is based on the "nar- 
row minus on-band broad" versus "narrow minus off-band 
broad" colour/colour plot technique dM0ller & Warrenl [1993; 
iFvnbo etal] [19991 l2000i 120021: iFvnbo et al] 120031) . The object 
identification and photo metry was carried out in SExtractor 
(lBertin&Arnoutsi ri996) using the dual-image mode having a 
detection image and measuring the photometric properties on 
the individual images. For the detection we used a weighted sum 
of the V-band (20%) and narrow-band (80%) images to secure 
an optimal detection of objects with excess in the narrow filter. 
Before object detection we convolved the detection image with 
a Gaussian filter function having a FWHM equal to that of point 
sources. We used a detection threshold of 1.1 times the back- 
ground sky-noise and a minimum area of 5 connected pixels in 
the filtered image. For total magnitudes we use the SExtractor 
MAG_AUTO and to compute colours we use the isophotal mag- 
nitudes (MAG JSO). In our final catalogue, we include only ob- 
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jects with total S/N>5 in the isophotal aperture in either the 
narrow- or the V-band images. In total, we detect 3202 such ob- 
jects within the 400x400 arcsec 2 field around BRI 1202-0725. 
The error bars on the colour indices are derived using the max- 
imum likelihood method of Fvn bo et al] d2002l) . For the selec- 
tion of LAE candidates we restricted the sample to S/N>5 in the 
narrow-band filter as described below. 

In Fig. [2] we show the colour-colour diagram used for the 
final selection of LAE candidates. In order to constrain where 
objects with no special spectral features in the narrow filter 
are in the diagram, we calculated colours based on synthetic 
galax y SEDs taken from th e Bruzual & Chariot 1995 mod- 
els dBruzual & Char iot 2003). We have used simple single-burst 
models with ages ranging from a few Myr to 15 Gyr and with 
redshifts from to 1.5 (open squares in Fig.|2|i and models with 
ages ranging from a few Myr to 1 Gyr with redshifts from 1 .5 to 
3.0 (open triangles). For the colours of hig h-redshift galaxies, 
we included the eff ect of Lyo- blanketing ( Nfo ller & Jakobsenl 
1990; iMadaul Il995l) . but for none of the models the effects 
of dust are included. Fig. [2] shows the N(AB)-V(AB) versus 
N(AB)-/?(AB) colour diagram for the simulated galaxy colours 
(left panel) and for the observed sources in the target field (mid- 
dle and right panels). The dashed line indicates where objects 
with a particular broad-band colour (corresponding to a 100 Myr 
old galaxy at z — 3.20 and either absorption (upper right) or 
emission (lower left) in the narrow filter will fall. 

In the middle panel, we show the colour-colour diagram for 
all of the objects detected in the field. The large, dense group of 
points correspond to the normal field galaxy population without 
special properties in the narrow-band filter, in the following ref- 
ered to as continuum objects. Unfortunately, the observed distri- 
bution of the continuum objects is oriented along the same direc- 
tion as that expected for emission line objects (indicated with the 
dashed line). This is due to the fact that the central wavelength 
of the narrow-band filter is bluewards of the central wavelength 
of the on-band broad filter (V). For this reason we for this field 
choose a rather conservative criterion for selection of candidates, 
namely A^(AB) - V(AB) < -1. After weeding out a few spuri- 
ous sources (related to bright stars) we detect 25 such objects in 
the BRI 1202-0725 field which we consider as LAE candidates 
in the following. The colours of the candidates are shown in the 
right panel of the figure. 

A contour image of the combined narrow-band image of the 
400x400 arcsec 2 field surrounding the QSO BRI 1202-0725 is 
shown in Fig. [3] The QSO is identified by a "x" at the field 
centre and the positions of selected LAE candidates are shown 
with boxes. 

In the selection of LAE candidates we apply a colour selec- 
tion which translates into the equivalent width (EW) selection 
criterion illustrated in Fig. [4] given in observed quantities. The 
selection criterion translates into candidates having observed 
EW:> 100A (or rest frame EW> 25A). 

2.3. Multi-object spectroscopy 

The above selection of LAE candidates only selects for excess 
emission in the narrow- band filter. This is likely to originate 
from the Lyo- at z ~ 3.2 dFvnbo et alj|2003 i), however, interlop- 
ers caused by other emission lines in galaxies at lower redshifts 
is also possible. Therefore, follow-up spectroscopy is necessary 
for confirming the Lya origin of the excess emission. 

Follow-up multi-object spectroscopy (MOS) was carried out 
in visitor mode on March 21-23, 2004, with FORS2 installed 



Fig. 3. The 400x400 arcsec 2 field surrounding the QSO 
BRI 1202-0725 as observed in the narrow-band filter. North is 
up and East is to the left. The QSO is identified by a "x" at the 
field centre and the positions of candidate LAEs are shown with 
boxes. 

Table 2. Log of spectroscopic observations with FORS2. 



mask 


Exp.time 


Date 


Effective seeing 




(hr) 


(2004) 


(") 


mask 1202 A 


6.3 


March 21-23 


0.94 


maskl202B 


6.0 


March 21-23 


0.76 


maskl202C 


5.0 


March 21-23 


0.96 



at the VLT telescope, unit Yepun. The mask preparation was 
done using the FORS Instrumental Mask Simulator. The field 
of BRI 1202-0725 was covered by 3 masks. It was possible to 
fit all candidates into the slits. The spectra were obtained with 
the G600B grism covering the wavelength range from 3600A to 
6000A at a resolving power of 900. For possible identification of 
other emission lines at the same redshift we also obtained spec- 
tra with the G600R grism covering the wavelength range from 
5000A to 7500A. The detector pixels were binned 2x2 for all 
observations through the masks. In Table [2] we give the main 
characteristics of the spectroscopic observations. 

The MOS data were reduced and combined as described in 
Fvn bo etalJ (12001). The accuracy in the wavelength calibration 
is about +0. 1 pixel for a spectral resolution of R = 900, which 
translates to Az — 0.0002. Average object extraction was per- 
formed within a variable window size matching the spatial ex- 
tension of the emission line. Therefore, the flux should be con- 
served. 

Of the 25 targeted LAE candidates, 18 are confirmed emis- 
sion line objects. For the seven remaning candidates no emission 
line was identified in the spectrum. The spectra for the 18 con- 
firmed candidates are shown in Fig. [5] We consider a candidate 
confirmed if there is an emission line detected with at least 3cr 
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Fig. 2 . Left panel: Colour-colour diagram for simulated galaxies based on Bruzual & Chariot 1995 galaxy SEDs (Bru zual & Charlol 
120031) . The open squares are 0<z<1.5 galaxies with ages ranging from a few to 15 Gyr and the open triangles are 1.5<z<3.0 galaxies 
with ages ranging from a few Myr to lGyr. The dotted box encloses the simulated galaxy colours. The dashed line indicates colours 
of objects with a particular broad-band colour and with an SED in the narrow-band filter ranging from an absorption line in the 
upper right part to a strong emission line in the lower left part of the diagram. Middle panel: Colour-colour diagrams for all objects 
detected at S/N>5 in either the narrow band or the V band in the BRI 1202-0725. In the lower left part of the diagram there 
is a large number of objects with excess emission in the narrow filter. Candidate LAEs are those objects with a lcr upper limit 
on Af(AB)-V(AB) below the 98% percentile. Right panel: The colours of the QSOs and of the LAE candidates are indicated. 
Candidates confirmed to be emission line objects based on our spectroscopic observations described in Sect. |2.3| are shown by filled 
symbols. Candidates that cannot be confirmed by the present spectroscopy are indicated by open symbols. The solid line indicates 
the median A^(AB) - V(AB) colour for all detected objects as a function of A^(AB) - R(AB) and the dotted lines indicate the 2% and 
98% percentiles in the N(AB) - V(AB) colour. The horisontal dotted line denote our selection of N(AB) - V(AB) < -1. 



0000 F 



•< 



1000 



1 00 r 




Q1 202-0725 



Line flux 



sophote 



1 

0~ 17 erg s~ 1 cm" 



00 



Fig. 4. Our equivalent width selection criterion is illustrated by 
plotting the line equivalent width against the Lya flux in the 
isophotal aperture for the LAE candidates. The continuous line 
shows our N(AB)-V(AB) colour selection criterion converted 
into equivalent width. Filled symbols indicate objects subse- 
quently confirmed by spectroscopy to be emission-line sources. 
Open circles indicate objects that were observed, but not con- 
firmed. The error bars on EWs are derived as described in Fynbo 
et al. (2002). 



significance at the correct position in the slitlet within the wave- 
length range corresponding to the filter transmission. All of the 



confirmed emission line candidates are most likely to be Lya 
based on the absence of other emission lines at longer wave- 
lengths (mainly Nelll, H/?And 0[III] , the positions of which 
are all covered by our spectroscopy). The limits on the flux ra- 
tios we infer are similar to those derived in Fynbo et al. (2001) 
and based on their analysis contamination from Oil emitters 
is very unlikely. The overall efficiency for detection and con- 
firmation of LAEs is therefore #(confirmed LAEs)/#(observed 
LAEs)=18/25=72%. This is the same as found for Q 2138-4427 
and somewhat less than the results of BRI 1346-0322 (Paper I). 

The redshift distribution for the LAE sample in the field of 
BRI 1202-0725 is shown in Fig.[6]and compared with the filter- 
curve. It can be seen that the targets fill out the volume probed by 
the filter. The mean redshift of the LAEs is 3.203 with a standard 
deviation of 0.013. 

We have investigated the properties of the non-confirmed 
candidates and find that they are in the red end of the broad- 
band colours of the candidate sample and unresolved. However, 
their low line fluxes prevent them from being confirmed by the 
present spectroscopic observations. This analysis was carried out 
for all three fields and we found similar properties in all cases. 



3. The LAE population 

In the following we combine the results of the entire Building 
the Bridge Survey to characterise the population of LAEs. 
The survey constitutes observations of three fields centered on 
the quasars BRI 1202-0725, BRI 1346-0322 and Q2138^1427 
searching for Lyo- emitters at redshifts z = 3.20, 3.15 and 2.85, 
respectively. These redshifts are targeted due the presence of 
high column density absorption systems along the line of sight 
towards the quasars. In the fields 25, 26 and 36 emission line 
objects were identified through the narrow-band technique. In 
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Fig. 5. 16x16 arcsec 2 images and 1-D spectra of 18 (note that candidates # 8 and 1 1 are covered by the same spectrum) confirmed 
LAEs in the field of BRI 1202-0725. The hatched areas have been excluded from the analysis due to the overlap with night-sky 
lines. The units on the ordinate of the spectra are counts in 1800 sec. The name, redshift and coordinates (Epoch 2000) are provided 
for each object. For each candidate, we show images from the N-, V- and R -band filters (from left to right) with North up and East 
to the left. 
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Redshift 

Fig. 6. Redshift distribution of LAEs in the field of 
BRI 1202-0725 relative to the filter transmission curve. 
The redshifts of LAEs fill out the volume probed by the filter. 

each of the fields of BRI 1346-0322 and Q 2138-4427 the emis- 
sion from two emitters were identified with other emission lines 
than Lyar (in three cases corr esponding to [Oil] and the fourth 
case CIV , iFvnbo et alj20 03). Therefore, these four objects have 
been excluded from the current analysis. In the following analy- 
sis we consider 18, 18 and 23 spectroscopically confirmed LAEs 
as the confirmed sample. The entire photometric sample includes 
7, 6 and 1 1 additional objects. These have not been confirmed 
spectroscopically. For the fields of BRI 1202-0725 and Q 2138- 
4427 all candidates were observed, so the non-confirmed sys- 
tems were lacking an emission line at our sensitivity. For the 
field BRI 1346-0322 three candidates were not observed leav- 
ing three as spectroscopically not confirmed candidates. 

The LAE population is characterised in terms of magni- 
tudes, colours and derived entities like Lya flux, luminosity, 
EWs and star formation rates (SFRs). For total magnitudes we 
use the SExtractor MAG_AUTO which are used to compute the 
Lyo- flux, luminosity and SFR. The colour indices are computed 
based on isophotal magnitudes (MAG JSO) and are used to esti- 
mate the EW. For all magnitudes the same detection area is used 
in all bands. De tails of the computa tion of the derived properties 
can be found in lFvnbo et alj d2002l) . Finally, in the next section 
we derive the luminosity function of LA Es at z ~ 3 and compar e 
this with the recen t me asurements by iGronwall et a l. (2007); 
lOuchi et all d2008l) and iRauch et alj d2008l) . Table l3l gives an 
overview of the LAE samples of the three fields. From the ta- 
ble it can be seen that the survey covers LAEs with luminosities 
in Lya down to a few times 10 41 ergs s _1 , making it one of the 
deepest surveys of Lya emitters at 3. Table|4]summarises the 
main characteristics of our sample and the three used for com- 
parison. 

3. 1 . Characteristics of spectroscopically confirmed LAEs 

In Tables IAT14A.3I we give the measured and derived properties 
for the confirmed LAEs. The magnitudes in these tables are total 
magnitudes, and the lower limits correspond to lcr significance 
levels for the SExtractor MAG_AUTO apertures. These translate 
into the limits given for the fluxes and luminosities. The EWs 
are derived from the colour indices based on the isophotal mag- 
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R @z = 3 

Fig. 7. Total magnitude (MAG_AUTO) distribution of the LAEs 
in Narrow- (top) and /?-band (bottom). The curves are averages 
between fields and error bars are the corresponding standard de- 
viations. Open circles and dotted lines mark the distribution for 
all photometrically selected candidates, while filled symbols and 
solid lines mark the confirmed Lya emitters. The triangles indi- 
cate lcr upper limits for galaxies detected at lower levels. The ar- 
row in the lower plot marks the R = 25.5 limit for spectroscopic 
surveys of absorption line systems. It should be noted that for the 
candidate selection the isophotal magnitudes were used and here 
we use total magnitudes. All magnitudes have been rescaled to 
Z = 3, though neglecting the small differences in k-correction for 
the /?-band. 



nitudes. In this case the limits are caused by a less significant 
detection in the on-band broad (B or V) and the values corre- 
spond to using the lcr levels for these bands. 

From Table[3]it can immediately be seen that the total num- 
ber of objects is comparable among the three fields. The detected 
number of LAEs translates into surface densities of 8, 8 and 10 
per square arcmin per unit redshift, respectively for the fields 
of BRI 1202-0275, BRI 1346-0322 and Q 2138^1427, consis- 
tent with the almost similar flux limits in the three fields. From 
the table it can also be seen that the other properties are similar 
between the fields and between the confirmed LAEs and non- 
confirmed candidates. 



L.F. Grove et al.: The Building the Bridge Survey for z = 3 Lya emitting galaxies. II. Completion of the survey 7 



Table 3. Overview of LAE samples from the three fields included in the present survey. 



Field 


z 


N t0 £ 


N C onC 


N c 


Dens.(conf) 


EWo.c,,/ 


EW ,„ D „ 


L co „ f (hyaX_ 


L, m „(Lya) d 


SFR co „/ 














arcmirT 1 hzT x 


A 


A 


10 41 erg s _I 


10 41 erg s _I 


Moyr" 1 


M Q yr" 1 


BRI 1202-0275 


3.20 


25 


18 


1 


8 


> 27 


> 21 


>6.06 


> 4.07 


>0.62 


> 0.42 


BRI 1346-0322 


3.15 


24 


18 


6 


8 


> 22 


> 26 


> 12.21 


> 9.92 


> 1.25 


> 1.02 


Q 2138-4427 


2.85 


34 


23 


11 


10 


> 20 


> 18 


> 3.66 


>4.58 


>0.38 


> 0.47 



" Number of LAEs in the field. In the fields of BRI 1346-0275 and Q 2138^1427 two foreground emission line systems have been excluded 
from this sample. 
* Number of confirmed LAEs in the field. 
c Number of candidates not spectroscopically confirmed. 

d Lower limit luminosity for those candidates that are detected with a significance of at least l<x in the total magnitude. 



Table 4. Summary of the main properties of our and the comparison samples. 



Ref. 


Type 




z 


N 


Area 
sq.arcmin 


Lya- 


luminosity 
ergs s _I 


This sample 


Spectroscopic/photometric 
Around absorption systems 




-3.0 


59/83 


133 




>0.3-10 4/ 


Serendipitous 


Spectroscopic 
Field 


2.30 < z 


< 3.61 


6 








Gronwall et al. (2007) 


Photometric only 
Field 




-3.1 


162 


1008 




> 1.310 42 


Ouchi et al. (2008)" 


Photometric only 
Field 




- 3.1 


356 


3538 




> 10 42 


Rauch et al. (2008) 


Long-slit spectroscopy 


2.67 < z 


< 3.75 


27 




(0.015 - 


1.73) • 10 42 



Field 



" These authors have also carried out spectroscopic observations for a subsample of 41 candidates. 



In Fig. [7] we show the magnitude distribution for the LAEs. 
The lines correspond to candidates with measured magnitudes 
while the triangles indicate systems with l<x upper limits. The 
observed magnitudes are translated to correspond to a redshift 
z — 3 by correcting by the difference in the distance modulus 
between the observed redshift and z = 3. For the /?-band we 
do not apply any K-correction since it is a negligible effect over 
such small redshift changes. The errorbars are standard devia- 
tions among the fields and indicate that even though the results 
in the three fields are consistent, small numbers and cosmic vari- 
ance leads to significant differences between the fields. For the 
narrow-band it is clear that all the bright objects have been con- 
firmed to correspond to Lya emitters while the non-confirmed 
cases are in general found in the faint end of the distribution. 

From the magnitude distribution of the /?-band it can be seen 
that all the LAE candidates have very faint magnitudes. For ab- 
sorption line systems the magnitude limit of achieving a redshift 
is R~25.5 indicated by the arrow in the figure. Therefore, we 
note that of the confirmed emitters only 6 out of 59 or <10% are 
brighter than this limit. The fraction is similar for the complete 
candidate sample. This is consistent with the non-confirmed can- 
didates being spread over all /?-band magnitudes. The faint R- 
band magnitudes of the galaxies emphasises their importance 
for tracing the faint end of the luminosity function, possibly con- 
tributing a significant fr action of the total star formation (see also 
iReddv & Steidell2008l) . 

Fig.[8]shows the distribution of rest frame equivalent widths 
derived from the colour index "narrow band minus on-band 
broad" isophotal magnitudes. We have not corrected the broad- 
band magnitudes for the narrow-ban d contribution. Our mea- 
surements a r e com pared with those o flGronwall et alj d2007l) and 
Ouc hi et all ((2008). It can be seen that the sample of confirmed 
LAEs for which we could measure the EW reliably is consistent 



with our survey being deeper than the comparison samples. It 
can also be seen that the Ouchi et al. sample has a higher frac- 
tion of emitters with high EW than the Gronwall et al sample. 
Our sample it is more consistent with the Ouchi et al. than with 
the Gronwall et al. sample. 

Table [3] also lists the range of SFR derived from the Lya 
luminosities (following Fynbo et al. 2002). The SFRs are found 
to be in the range 0.38M o yr _1 to 31M Q yr _1 assuming negligible 
extinction. 

4. Luminosity function of LAEs at z ~ 3 

A widely used diagnostic for describing galaxy samples is their 
luminosity function (LF). Here, we derive the LF of LAEs at 
Z — 3.0 combining the data from the present work and from 
Paper I. The complete survey encompasses three fields with a 
total of 59 spectroscopically confirmed LAEs. For each field we 
derive the LF independently to take into account the different 
narrow-band filters and incompleteness functions. Finally, the 
individual results are combined to provide the LF at z = 3.0. 

4.1. Estimating the incompleteness correction 

When constructing the sample of LAEs the main source of in- 
completeness comes from the photometric selection of candi- 
dates. The following process is carried out separately for each 
field to take into account the specific properties of the different 
data sets. To estimate the detection completeness of the photo- 
metric samples we distribute 100 artificial objects in the images 
and assign broad- and narrow-band magnitudes in a range cov- 
ering the observed values as well as an additional margin. The 
magnitudes were assigned based on the off-broad band. In this 
band magnitudes are distributed uniformly in the interval 5 to 35. 
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Fig. 8. Rest frame equivalent width distribution for the con- 
firmed (solid symbols and line) and entire (open symbols and 
dashed line) samples (upper panel). In the lower panel the dis- 
tribution for the conf irmed sample is com pared with that of 
dGronwalletal.ll2007l dot-dashed line) and dOuchi et al.ll2008l 
dashed line). The triangles indicate cases for which only lower 
limits (at the lcr level) could be determined. 
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Fig. 9. Completeness levels as function of Lya luminosity. The 
dotted line corresponds to the field of BRI 1202-0725; dashed 
line to BRI 1346-0322 and triple dot-dashed line to Q 2138- 
4427. 



of a non-square band -pass or the photometric error function (see 
Idronwall et aDl20Q7h . 

A possible concern is whether the extension of the Lya 
emitters have a significant effect on the estimated complete- 
ness functions. To test this we have carried out a complementing 
test where the original background subtracted images were first 
dimmed. Then we corrected the background noise to the original 
level and tried to recover the already detected candidate emitters. 
We dimmed the images by 0.25, 0.5 and 0.75 magnitudes. The 
completeness functions estimated in this way were similar to the 
ones described above, but suffer from poor statistics (only 80 
sources in total were found in the original images) and only trac- 
ing the magnitudes and colour indices of the detected sources. 
This makes the previously described functions more reliable for 
correction purposes and are the ones used in the following. 



For the narrow- and on-broad bands magnitudes were assigned 
based on a uniform colour index ("narrow - off-broad" and "on- 
broad - off-broad") distribution in the interval minus five to five. 
This results in uniform magnitude distributions in the narrow- 
and on-broad bands in the magnitude interval 10 to 30 dropping 
off and vanishing at magnitudes of zero and 40. The objects are 
modeled with a two-dimensional gaussian shape with the size 
corresponding to the seeing measured in the individual images. 
Each artificial object is added to each image scaling the gaus- 
sian to the appropriate luminosity depending on the magnitudes 
computed individually for each band. This process ensures good 
coverage for both magnitudes and colour indices. The procedure 
is repeated 1000 times for each field, thus a total of 10 5 artifi- 
cial objects are used in the estimate. The images with artificial 
objects are now treated exactly as the original images and the 
recovery rate yields the detection completeness. The complete- 
ness functions estimated for the three fields in the narrow-band 
filters are shown in Fig. [9] From that figure it can be seen that the 
data of the field of BRI 1346-0322 are slightly shallower than 
the other two fields, which are very similar. These completeness 
functions are used to correct the measured luminosity functions 
below. Note that we have not corrected our data for the effects 



4.2. Lya luminosity function 

We derive the differential luminosity function for the confirmed 
LAEs with a simple classic al approach that has been used in 
many previous works (e.g. lOuchi et alj|2003t lAiiki et al.|[ 2003: 
iHu et al.1 12004 iMalhotra & Rhoadsl 12004 lOuchi et alT l2008). 
The volume used to convert the observed number of systems to 
volume densities is computed based on the field size and hav- 
ing a depth corresponding to the FWHM of the narrow-band fil- 
ter. Furthermore, we correct the observed luminosity function 
by the completeness function estimated in the previous section 
to account for the incompleteness of the sample due to our target 
selection. The obtained luminosity function is shown in Fig.fTUl 
The error-bars are derived from the errors in the individual fields 

by standard error propagation. 

W e fit our derived LF with the Schechter function dSchechterl 
Il976l) using a ^-minimisation. We carry out three fits in 
total. First, we fit the sample of confirmed candidates with 
L* >= 10 42 ergss~'. Second, we fit the entire photometric 
sample in two luminosity intervals: L* >= 10 42 ergs s _1 and 
L* >= 10 4L6 ergs s . The brighter limit corresponds to the re- 
gion where all fields are estimated to be close to complete, while 
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Fig. 10. The derived differential Lya luminosity function for the 
sample of confirmed (upper) and all (lower) LAEs. The points 
with open symbols are not corrected for incompleteness, while 
those with solid symbols are. The thin solid line indicate our fit 
to the confirmed candidates. The thick solid and dotted lines in 
the lower panel mark the fits to the deep and brighter sample of 
all cadidates, respectively. The error bars are obtained from the 
lcr-error bars of the individual fields by standard error propaga- 
tion. 

The fits are described in detail in the text. Our re sult is compared w ith 
the luminosity function for emitters at z = 3.1 bv lOuchi et al.1 d2008l) in 
triple-dot dashed line, Gronwall et al. (2007) in dot-dashed line and 
iRauch et a l. (2008) in dashed line. 



the second limit is where the shallowest field is essentially not 
contributing anything (see Fig.|9]l. The results of the fits are sum- 
marised in Table[5] In Fig.[10]we include the fit to the confirmed 
candidates as the thin solid line in both panels and the fit to the 
deep sample of all candidates is included in the lower panel as 
the thick solid line. The fit to all candidates with the brighter lu- 
minosity limit is included as the dotted line. It can be seen that 
despite the small differences in the best fit parameter values the 
functions are consistent. 

We compare ou r re sult with those of | Gronwall et al.l (120071) : 
lOuchi et al.1 d2008l) and lRauch etaf] (120081) . At the faint end we 
find a good agreement, in particular if all the non-confirmed can- 
didates are LAEs. At the bright end we find a marginal excess of 
objects compared to the other surveys, even though the numbers 
are consistent within the error bars. The (marginal) excess of 
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Fig. 11. FORS 1 narrow-band image centered on Q 2138-4427 
(left panel). North is up and East is to the left. The wavelength 
at peak transmission of the (Hen) narrow-band filter used cor- 
responds to Lya emission at z — 2.85. The PSF of the QSO 
was carefully subtracted which reveals a source only 1'.'4 away 
from the QSO line-of-sight. The different orientations of the slits 
during the MOS observations (Paper I) and the complementary 
deep long-slit spectroscopic follow-up are shown by, respec- 
tively, dotted and dashed lines. The arrow in the upper part of the 
image marks the location of the closest LAE (LEG0213836) 
that was selected by comparing the narrow-band image with 
the FORS 1 B and R broad-band images. In the right panel, the 
B-band image is shown with the same scale and orientation as 
the narrow-band image. 



bright objects may be caused by e nhanced clustering of bright 
LBGs around QSO absorber fields dBouche & Lowenthaf 2004; 
iBouche et al.ll2005j). Comparing t he den sity of galaxies brighter 
than the limit of IGronwall et al.l d2007l) of 13 • 10 41 ergs s" 1 we 
find only a marginal excess of a factor of ~ 1.25. It is also 
interesting to compare these environments with the results of 
IVenemans et al.l d2007l) studying radio galaxies. The radio galax- 
ies traces the largest overdensities, likely representing proto- 
clusters. The overdensity of LAEs around radio galaxies are 
found to be of the order 2-5. Thus the overdensities found in 
our fields are, as expected, smaller. In the field of Q 2138^-427 
the redshifts are concentrat ed relative to the wid th of the filter 
function (Paper I, see also iMonaco et al.1 (2005)). In this field 
th e overdensity is only a factor of 1 . 1 with respect to the results 
of IGronwall et alj (12007). thus we do not consider this good ev- 
idence for a proto-cluster. 



5. Galaxy counterparts of the QSO absorbers 

One of the goals of our survey was to bridge the gap between 
emission and absorption selected objects. The three studied 
fields are centered on QSOs with high column density absorption 
systems at the redshift for which Lya falls in the narrow -band fil- 
ters. In the fields of BRI 1346-0322 and BRI 1202-0725 the ab- 
sorbers are Lyman-limit systems and in the field of Q 2138-4427 
it is a DLA. The observed flux of Q 2138-4427 is reduced by ap- 
proximately 1.5 magnitude in the narrow -band image as shown 
in Fig. 3 of Paper I. This is due to the strong DLA line that 
absorbs the QSO light making it much easier to search for any 
faint emission close to the QSO in the narrow band than in the 
broad-band images. Moreover, if the galaxy counterpart of the 
z a bs = 2.852 DLA system has Lya emission, it would be rela- 
tively brighter in the narrow -band than in the broad-band images. 
To subtract the image of the QSO in the narrow-band image, we 
used PSF-subtraction. We modelled the PSF of the QSO from ten 
bright, yet unsaturated, stars present in the field. The extension 
ALLSTAR of the DAOPHOT-II software (Stetsonl ll987l [19941) 
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Table 5. Results of fitting a Schechter function to the LF. 



Type 


log(L-) 
(ergs s _1 ) 


a 


<t> 

h- 3 Mpc 3 


x 1 


Confirmed, log(L") >= 42 


43 55 +u - 05 




1.5™ • 10- 4 


0.32 


All, log(L*) >= 42 


43 30 +0 05 


_i 74+0.06 

1 - ' -0.04 


3.2™ • 10 ; 


0.28 


All, log(L*) >=41.6 


43 15 +005 

-0.0S 


1 co +0.06 




2.06 




Fig. 12. (a) portion of the 2-D long-slit spectrum of 
Q 2138-4427 centered on the Lya trough of the DLA system at 
^abs = 2.852 (first top panel). In the second top panel, the PSF of 
the QSO has been su btracted using the Spectral PSF II optimal 
extraction algorithm (M 0ller et al.ll2.00Qb . (b) same as above for 
the DLA system at z abs = 2.383 toward Q 2138-4427 (bottom 
two panels). The host galaxies of the DLA systems are detected 
in neither case. The object seen in the narrow-band image shown 
in Fig.Q~T]must be a continuum source. 

was used to perform the final PSF model fitting and subtraction. 
After careful PSF subtraction, we detected an extended source at 
an impact parameter of l'/4 (corresponding to 12 kpc at z = 2.85) 
from the QSO line-of-sight at a position angle of 136.5° (see 
Fig. ITTb . The proximity of this source to the QSO line-of-sight 
makes it a good candidate for the DLA galaxy counterpart. 

To establish whether the source seen in Fig.[TT]is the galaxy 
counterpart of the z a b s = 2.852 DLA system, we gathered spectra 
of Q 2138-4427 using both FORS 1 Multi-Object Spectroscopy 
(MOS) and long-slit spectroscopy. The details of the MOS ob- 
servations were given in Paper I. The positions of the two MOS 
slitlets that covered the QSO are marked with dotted lines in 
the left panel of Fig. [TT] One of the l'.'4-wide MOS slitlets cov- 
ered both the QSO and the candidate DLA galaxy counterpart 
while the second MOS slitlet was oriented at a position angle 
about 70° smaller. None of these spectra showed Lya emission 
from the DLA absorber. However, the atmospheric conditions 
during the MOS observations were quite poor (see Paper I) and 
we consequently obtained a deeper (~ 5 hr total integration time) 



FORS 1 long-slit spectrum with a l'.'0-wide slit and the G600B 
grism covering the candidate under very good seeing conditions 
(FWHM = 0771 in the combined spectrum). The position of the 
long slit is shown with dashed lines in Fig.QT] The 2-D long-slit 
spectrum is displayed in the upper two panels of Fig. [T2] We used 
the sp ectral PSF II optimal extraction algorithm (Mdlle r'et al.l 
2000) to subtract the emission from the QSO in the wings of the 
DLA trough. No Lya emission from the candidate DLA galaxy 
counterpart is detected. 

We conclude that the source seen in Fig. [TTJis n °t an LAE 
at z — 2.85. Possible Lya- emission from this source should be 
fainter than the 3<x very low detection limit of ~ 4 x 10" 18 erg 
s cm 2 . Within 1" from the QSO line-of-sight, our detection 
limit for Lya emission is even lower (by less than a factor of 
two though) due to the combined limits from both the MOS and 
long-slit spectra. The nearest confirmed LAE is LEG02138_36 
(Paper I) and it is situated at a distance of 8" from the QSO 
line-of-sight. This means that if the z- d bs = 2.852 DLA galaxy 
counterpart is an LAE it should actually be fainter than all of the 
LAEs detected in our survey. 

What could be the origin of the source seen in Fig. [TT]? One 
possibility is that this source is associated to the galaxy coun- 
terpart of the lower redshift, z a b s = 2.383 DLA system toward 
Q 2138-4427. In this case the emission detected in the narrow- 
band image would be continuum emission. Making this assump- 
tion, we estimate a broad-band magnitude of B(AB)w A^(AB) = 
25.7 for this object. In the lower two panels of Fig. [12] we show 
the 2-D spectrum of the QSO around the corresponding DLA 
trough. No Lya emission is detected at more than the 5cr con- 
fidence level. There are two 3<x peaks in the spectrum however 
but we consider these too uncertain to allow further discussion. 
Another interesting possibility is that the source is part of the 
host galaxy of Q 2138-4427. 

In none of the other two fields do we see any evidence for 
a narrow band source close to the QSO position after PSF sub- 
traction. Note, however, that for these sight lines the intervening 
absorbers are only Lyman-limit systems so the fluxes from the 
QSOs are much less reduced by the absorption systems than for 
Q 2138-4427. 

5. 1 . Serendipitously detected LAEs 

The combined FORS 1 2-D long-slit spectrum covers a solid an- 
gle of 370 x 1 arcsec 2 and the wavelength range from 3600 A 
to 6000 A. This spectrum is therefore sensitive to LAEs with 
redshifts in the range 2.0 < z < 3.9. Assuming a constant source 
density of approximately ten LAEs per arcmin 2 per unit redshift, 
as is found in our survey for z ~ 3 LAEs down to a flux detec- 
tion limit of N(AB) = 26 (corresponding to a Lya flux of about 
7 x 10~ 18 erg s cm -2 ), we expect to serendipitously observe 
about six LAEs in the long slit. This number is of course only a 
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Table 6. Properties of the serendipitously detected LAEs. 



6. Discussion and Conclusions 



Id 



1 


2.30 


26.7 


26.5 


2 


2.45 


26.2 


26.1 


3 


2.69 


27.0 


27.1 


4" 


2.86 


26.8 


27.0 


5 T 


3.03 






6 T 


3.61 







" This object was detected as LEG02138.12 of Paper I. 
* These objects were not detected in the images and thus no informa- 
tion can be extracted. 
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Fig. 13. 2-D spectra of probable LAEs serendipitously observed 
in the FORS 1 long slit spectrum. The redshifts range from z = 
2.30 to 3.61. The z = 2.86 object is LAE2138.12 previously 
observed also in one of the MOS slitlets (see paper I). 



rough estimate as the sensitivity of the spectrum is a function of 
wavelength and the volume density of LAEs down to the given 
flux detection limit is likely to be a strong function of redshift. 
In the 2-D spectrum, we actually detect six emission-line objects 
with no or very faint continua. These are likely to be LAEs at 
redshifts 2.30, 2.45, 2.69, 2.86 (one of which is LEG02138J2, 
Paper I), 3.03 and 3.61 (see Fig.fTSl. In Table|6]we give the red- 
shift and broad-band magnitudes of the serendipitously detected 
LAEs. Two of the systems were not detected in our broad-band 
imaging. For the others, it can be seen that their broad-band mag- 
nitudes match the typical magnitudes of the photometrically se- 
lected LAEs from our survey. With respect to the colour indices 
we find values around zero which is towards the blue end of the 
typical candidates. 



The aim of our survey was to try to bridge the gap between emis- 
sion selected and absorption selected galaxies at z ~ 3. To reach 
this goal we have performed the currently deepest narrow-band 
survey for Lya emitting galaxies at z ~ 3 using narrow-band 
imaging at the VLT. Our survey was succesful in establishing 
the existence of a large number of galaxies below the flux limit 
of the Lyman-break surveys (R = 25.5). We reach a surface den- 
sity of LAEs of the order of 10 per arcmin~ 2 per unit redshift. 
This is about an order of magnitude larger than for R < 25.5 
LBGs. It is also about a factor of two high er than that found b y 
other deep surveys for LAEs at z ~ 3 (e.g. IGronwall et al.l2007l) . 
This difference mainly reflects the varitation in depth between 
the sur veys, since if we impos e a luminosity limit consistent with 
that of iGronwall et al.l (|2007) then we include only 42 of our 83 
LAEs consistent which results in only about 20% mor e galaxies 
in our sample with respect to the IGronwall et al.l d2007l) results. 
This marginal overdensity we attribute to our survey targeting 
the environments of DLAs and Lyman-limit systems and not a 
blank field. 

Our survey targeted three fields in which we photometri- 
cally selected 89 emission line candidates. Of these, 63 were 
confirmed to be emission line galaxies, however, four of the 
emission galaxies were foreground systems. In total we thus 
identified and spectroscopically confirmed 59 LAEs in the three 
fields. Three candidates were not observed as we could not fit 
them into the available masks. This corresponds to a spectro- 
scopic confirmation rate of about 73% or 69% excluding the 
interlopers. Comparison of the properties of the spectroscopi- 
cally confirmed and not confirmed candidates showed that the 
non-confirmed cases were mostly in the faint end of the narrow 
band magnitude range and any other related quantity (EW, Lya 
flux and luminosity) while the broad band properties were sim- 
ilar for the two groups. Some of the confirmed candidates are 
only detected at low signal-to-noise in the spectroscopy, most 
noteably LAE1202_09. This LAE seems to be extended both 
spatially and in velocity causing the signal-to-noise in the spec- 
troscopy to be smaller than for more compact candidates with 
only marginally resolved lines. Hence, some of the unconfirmed 
candidates maybe more broadlined systems. We conclude that 
the non-confirmed systems must be a mix of spurious candidates 
and objects with too faint emission lines to be detected by our 
spectroscopic follow-up. The properties of the confirmed sam- 
ple of LAEs are comparable to that found by other authors as 
shown in Figs. |8l and [TOl except being deeper. The depth of the 
/?-band data does not allow for a detailed discussion, but about 
90% of the selected emission line galaxies are fainter than the 
R = 25.5 limit for Lyman-break surveys. 

Since our survey was started in 2000 we have learned a lot 
more about the faint end of the luminosity function at z ~ 3. 
The study of LAEs has progressed substantially both in sam- 
ple sizes and in the range of redshifts that have bee n probed 
from z = 2 dFvnbo et all 120021; iNilsson et al.l 120081) to z * 
7 dive et alJ l2006t lOta et al.l 120081) . Also, using Gamma-Ray 
Bursts (GRBs) it has been found that a significant fraction of 
massive stars at these redshifts die in extremely faint galaxies, 
e.g. R ^28 for the ho st galaxy of GRB030323 at z = 3.37 
(IVreeswiik et all |2004 and R > 29.5 for the host galaxy o f 
GRB020124 at z = 3.20 dBereer et al.ll2002t iHiorth et al.ll2003l) . 
A statistical analysis of the luminosities of GRB host galaxies 
again points to a large fraction of the star for mation being lo- 
cated at the faint end of th e luminosity function dJakobsson et al.l 
120051; iFvnbo et"aT] 120081) . Also for continuum selected galax- 
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ies the re h as been significant pro gress. ISawicki & T hompson 
d2006l) and lReddv & Steidell (l2008h used the Lyman-break tech- 
nique to push to significantly fainter limits confirming an ex- 
tremely steep faint end slope. 

As for the other (faint) end of the bridge, the study of the 
galaxy counterparts of DLAs, there has been disappointingly 
little progress. We still only have a f ew spectroscopically con- 
firmed counterparts of high-z DLAs (lM0ller et al .1 1 20021 l2004t 
IChristensen et al.ll2007l) . An interesting development on that is- 
sue is the tentative evi dence for a lurmnosity-metallicity rela- 
tion at pl ace at z ~ 3 (M0ller et aT]|2004t iLedoux et alj [20061) 
(see also iFvnbo eTaT]|2008t IPontzen et al.ll2008l) . This implies 
that targeted searches for the galaxy counterparts of metal rich 
DLAs could have substantially higher success rates than for ran- 
domly selected DLAs, but this remains to be confirmed. It is 
also consistent with the nondetection of the galaxy counterpart 
of the DLA towards Q2 138-4427 as this DLA has a relativel y 
low metallicity of about [Zn/H]= -1.74 dLedoux et alj 12006). 
Another very interesting recent discovery is that of extemely 
faint, extended LAEs detected spectroscopically bv lRauch et alj 
(2008) and argued by the same authors to be a population 
of galaxies responsible for the bulk of the DLAs (see also 
Barnes & Haehnelt 2008). The argument appears very convinc- 
ing, and if confirmed by more actual detections of DLA galaxy 
counterparts this means that we now have bridged the gap be- 
tween absorption and emission selected galaxies at z ~3. 

Indepedent of the issue of bridging the gap between absorp- 
tion and emission selected galaxies it is clear that there is a very 
numerous population of high-z galaxies occupying the faint end 
of the luminosity function. There is growing evidence that this 
population of faint galaxies plays an important role for many 
important processes in the early Universe. Thes e galaxies by far 
dominate the emission o f ultraviolet light (e.g.. iJakobsson et al] 
12005b IFvnbo etal] f2008) and most likely also the emission of 
ionizing radiation dBianchi et alj 120011 : iFaucher-Giguere et alj 
2008; Loeb 2008|). They also most likely contain a large frac- 
tion of the total metal budget in galaxies and are responsible for 
a large fract ion of the enrichment of the inte rgalactic medium at 
z ~ 3 (e.g..lSommer-La rsen & Fv nbo 2008). Currently it is ex- 
tremely difficult to infer more detailed astrophysical properties 
(e.g., metallicities, dust content, stellar populations, masses, etc.) 
for this class of objects. In a few cases like DLAs and GRB host 
galaxies we can infer several of these properties, but in general 
we cannot. With the advent of 30m class telescopes the future 
looks more promising. 
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Appendix A: Data for individual LAE candidates 

A.1. Spectroscopically confirmed candidates 

This section gives the individual properties for the spectroscop- 
ically confirmed candidates in each of the three survey fields. 
The magnitudes in the tables are total magnitudes t aken to be 
the SExtractor MAG_AUTO dBertin & Arnoutsll 1996b . From the 
total narrow-band magnitude we compute Lya flux, luminosity 
and star formation rates. The EWs are computed based on colour 
indices computed from the isophota l magnitudes . The p roperties 
are derived as described in detail in lFvnbo et alj d2002l) . For ob- 
jects where the measured flux was below the lcr level are indi- 
cated as lower/upper limits. 
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Table A.l. Properties of the 18 confirmed LAEs in the field of BRI 1202-0725. 
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° These objects were included in the same slit. 



Table A.l. Properties of the 18 confirmed LAEs in the field of BRI 1346-0322. 



id Q-CJ2000) (5(J2000) z N B R EW f(Lyo-) L(Lya) SFR 
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A.2. Candidates not confirmed by the available spectroscopy 

This section gives the properties of the emission line candidates 
for which the nature could not be assessed through the available 
spectroscopic data. The properties are measured as detailed in 
the previous section. The restframe EWs are given assuming the 
redshift corresponding to the central wavelength of the filter. 
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Table A.3. Properties of the 23 confirmed LAEs in the field of Q 2138^1427. 



id a (J2000) ,5 (J2000) 



N 

• +U.11 

-0.23 
.+0.18 
'-0.15 
+0.13 
-0.11 
J+0.14 
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EW 
A 



fCLyor) 



+DTT 

B 
-0.15 



10 18 ergs s 1 cm 2 



ULya) 

10 41 ergs s 
rq^7+rE¥ 



in 47 +1.6!) 
iy. .t'_2.ps 

3.66!*;® 
12.04+1$ 
20.30! 2 ° 2 
19.09!^ 
45.52! 2 -« 
12.49!i; 44 
28.73«; 7 « 
33.60! 2 ;^ 
10 36 +1 33 
6 53+ 99 
5.45!?; 8 ° 
8.73!]j 2 

23.78-|^ 
32.01!^ 

1 1 no+ 1.44 
Li.yy_ 190 

1I8.96! ; , 

c a i +0.92 
J - J -1.42 
94 41 +1.80 

22 30 +2u 

-2.60 



SFR 

M yr' 



4 


21 


:42:12.6 


-44: 


15:34 
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-44: 


11:40 


2.8532 


24.73 


18 


21 


:41:44.7 


-44: 


11:23 


2.8627 


24.56 


19 


21 


:42:14.9 


-44: 


10:45 


2.8542 


25.84 


20 


21 


:41:58.0 


-44: 


10:41 


2.8564 


26.34 


21 


21 


:4 1:44.0 


-44: 


10:59 


2.8525 


26.54 


22 


21 


: 42: 11.1 


-44: 


11:05 


2.8537 


26.02 


23 


21 


:41:51.4 


-44: 


11:03 


2.8593 


25.77 


25 


21 


:41:49.1 


-44: 


11:13 


2.8608 


24.94 


26 


21 


:41:43.3 


-44: 


11:25 


2.8617 


24.61; 


27 


21 


:41:48.1 


-44: 


11:19 


2.8594 


25.68; 


29 


21 


:41:49.2 


-44: 


11:48 


2.8607 


23.19; 


30 


21 


:41:59.2 


-44: 


11:53 


2.8547 


26.02; 


31 


21 


:42:08.1 


-44: 


12:01 


2.8652 


26.56; 


32 


21 


:41:49.1 


-44: 


13:05 


2.8779 


24.91; 


33 


21 


:41:47.5 


-44: 


13:14 


2.8591 


25.01; 


361 


21 


:41:59.3 


-44: 


13:18 


2.8586 





+ U.1J 

-0.13 
-0.07 
-0.07 



,+0.07 

-0.07 
1+0.17 
r -0.15 
1+0.21 
"-0.18 
:+0.20 
"-0.17 
1+0.17 
'-0.15 
1+O.I6 
-0.14 
:+0.11 
" -0.10 
-0.08 
0.08 
1+O.I6 
'-0.14 
1+0.03 
-0.03 
1+O.I8 
'-0.15 
,+0.26 
-0.21 
+0.09 
-0.08 
+0.12 



27 21 +u - 31 
-Mi 
28.04!»;« 

> 28.30 
25.80!°;« 
26.76 + °; 4 ° 

25 33+ 012 

26 57 +0 - 24 

11 1 7+0.46 
*• ' -0.32 

27.88!J;| 
27.44;:- 

> 28.82 

> 29.06 

> 28.72 

27 67 +a72 

'"•"'-0.43 

27 02 +0 - 53 
27 93 +2 33 

-"-0.69 

> 28.43 
94. 4.Q+0 06 

> 28.68 

97 97+0.33 

25 93+ 015 
27.25 + °I 4 



25.53 
26.30 

> 27.63 

94 06 +0 06 

27 02 +12S 

OS 99+0- 42 
-0.30 

26 43+ 038 
25 56+ 017 
25 24 +015 

> 27.84 

> 27.84 

> 28.42 

> 28.06 

27 43+ 1 - 25 

> 27.43 



25.' 



0+0.34 

°-0.26 

> 27.77 
94. O4 +0 06 

> 28.04 
26 64 +0 31 
26.04*™ 
25.92-;::: 



7 c +44 
'•'-24 

QQ+46 

—18 

> 440 

38!« 

25!" 

218!^ 7 
9CQ+266 

30 +2 ° 

> 243 

> 437 

2 6 4+2331 
ZO -167 
Q9+140 
^-41 

40!| 8 
86! 37 

i67!r 

31! 3 

9^4+2360 

22 +21 

■"-12 

20 + _ 6 5 
22tl 



2S.55! 2 - 

C Q7 + 1.0I 

J --"-1.63 

17.66! 2 ; 34 

9Q 77+2.96 
' '-3.70 

28.00! 2 , 4 
66.75! 3 ; 84 
18.32! 2 -' 2 
42.13! 2 ;| 
49.28 +3 ;° 7 
15 19+ 1 96 

1J - 1? -2.64 

9 58 +L45 

12.80!'g 
16.18!^ 
34.87 +3 ;° 3 

46.95 

17.59^1 

174.44! 4 ;g 

12.84! 2 ;« 7 
7 79+1.35 

' • ' -2.08 

35.80 +2 « 4 
32.71^ 



2.00 
0.38 

1.24 

2.08 

1.96 

4.67 

1.28 

2.95 

3.45 

1.06 

0.67 

0.56 

0.90 

1.13 

2.44 

3.29 

1.23 

12.21 

0.90 

0.54 

2.51 

2.29 



" This object was identified visually as a blend with another much brighter source. Therefore it has not been able to measure the photometric 
properties of this candidate. 
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Table A.4. Properties of the non-confirmed LAE candidates. 





id 


a (J2000) 


<5 (J2000) 


N 




R 


EW 
A 


f(Lya) 

10 ergs s cm - 


L(Lya) 

1 /\41 - 1 

10 ergs s 


SFR 


BRI 1202- 


-0725 






















1 

6 


12:05:31.5 
12:05:31.2 


-07:41:16 
-07:42:48 


26.05+Q23 
26 42 +036 

iu, t -0.27 


26.53-- 


26 26 +tuu 

27 30 +0 - 51 

-0.34 


21 +l3 

-9 

97+19 
"-12 


q 73+1.84 

7. / j_ 2 „, 

6-87*1 


8 79 +1 bb 

-2 67 

6 2r 136 

"•"-2.42 


0.90 
0.64 




12 


12:05:27.7 


-07:42:38 


26.55_ 02g 




26 47 +ai9 


42+34 


6.14*|* 


5 55* 25 


0.57 




17 


12-05-10 6 


-07:41:06 


26 56 +0 - 22 


27 8Q+ - 42 

Z/ - Oy -0.30 


> 28.98 


71+107 
IL -35 


6 04 +0 93 

"•"^-134 


5 46 +(m 


0.56 




20 


12-05-31 9 


-07:41:30 


26 85 +a22 


> 29.42 


28 63 +a87 


lg6 +2195 
IOU -109 


4 62 +a71 

^■ DZ -1.02 


4 17+O.64 
^- 1 ' -0.93 


0.43 




24 


12-05-21 


-07:45:01 


26 Q7+ - 50 


27 06 +0 25 


26 76 +0 - 22 
zo. /o_ 18 


74+70 
'^-32 


4 17* 13 
'-2.45 


3.76+102 


0.39 




25 


12-05-28 3 


-07:40:54 


26 88 +036 
zo.oo_ 027 


28 29 +0 81 


27 46 +a36 
z / .to 27 


, 18 +370 


4 51+0.98 


4 07 +0 89 


0.42 


BRI 1346- 


-0322 






















9 
IP 


13:49:10.5 
13:49:27.3 


-03:38:21 
-03:33:58 


25 02 +u -" 

"•" -0.15 

25 76 +0 - 24 


26 42 +u it> 
97 4^+0 50 


94 ^Q+o-0' 
> 27.94 


28+ s' 

62 +62 


24.86!^ 
12 57+ 210 

-3.16 


21.59 +2 -^ 
10.92* 83 


2.22 
1.12 




13 


13:49:26.4 


-03:34:02 


25.86 q - «2 


26 90 +0 30 


25 98 +a21 


nn + 130 
yJ -41 


n.42^ 2 


q q9+l.84 
7,7 -2.92 


1.02 




15" 


13:49:29.4 


-03:35:08 


25 36 +0 - 23 


26 29 +0 22 


24 60 +008 


39+18 


18.08*;- 89 


15.70!^ 


1.61 




18" 


13:49:29.2 


-03:35:31.2 


1C 00+0.20 

z.j.z.o_ 17 




94 ^7+0.07 

ZH - J '-0.07 


34 +22 


20.5 1! 2 ? 8 


17.81!^ 


1.83 




26 


13:49:19.4 


-03:37:01 


25 60 +017 


27.14!^ 


25 20 +M8 


26± 9 3 


14.61!$ 


12.68*5 


1.30 


Q 2138-4427 




1 

2 


21:41:44.6 
21:41:53.0 


-44:16:07 
-44:15:42 


26 61 +(m 

iu,ux -0 .19 

25 3r - 10 


28.34^-g 
26 15 +o:i4 


91 44+O.Ui) 

94 7 1 +0.06 
' x -0.06 


18« 


7 45 +L2U 

'•^ -1.77 

24.73! 2 93 


5.08 + ';- 82 
16.86!|i 32 


0.52 
1.73 




3 


21:41:46.2 


-44:15:38 


25 55 +0 - 16 

iJ - J -0 .14 


27 06 +0 - 44 

•"•""-031 


9S ^9+0.14 
J ' J -0A2 


35 +19 

JJ -12 


19 75 +2 - 35 

17 - ' -3.09 


13.47+ 2 ;6° 


1.38 




5 


21:42:12.1 


-44:15:32 


26 71+ - 21 


27.59!«- 32 


26.41!°;| 7 


9^ + 19 
■"-11 


6 79+' 01 

u - /7 -1.43 


4 63 +0 69 


0.48 




6 


21:42:14.8 


-44:15:15 


26.72+J5; 2 * 




26.08!»;J| 


9Q+38 
z.7_, 7 


6 72 +1 17 

"■ /z --1.80 


4 58 +a8 ° 

t.jo , 23 


0.47 




7 


21:42:12.6 


-44:15:11 


26 31 +0 - 22 


27 50 +0 - 45 


25 57 +ai2 


29+27 

•"-14 


9 82 +1 51 


6 69 +1 03 

U - U7 -1.49 


0.69 




9 


21:42:10.5 


-44:14:38 


26 33 +al7 


27 66 +04 ° 


25 72 +a " 
Z - J - /z --o.io 


50 +59 


9 62* 24 

? - uz --1.67 


6 56 +0 85 

— 1.14 


0.67 




13 


21:42:15.5 


-44:13:51 


26 41+ 017 

-0.15 


97 91 +0 24 
z.;.zi_ 020 


26 16+ 015 


20!" 


9 00 +1 15 


6 14 +a7S 

-1.05 


0.63 




15 


21:42:12.9 


-44:13:35 


25 97+°- 18 


97 4^+0 50 


26 03 +a22 


35 +48 


13 41+' 81 


9 15 +1 - 24 

7 - iJ -1.69 


0.94 




34 


21:42:12.6 


-44:11:36 


26 or - 22 

z.u.01 18 


27.08!° 4 i 


25 71+ 019 

-0.16 


94+30 


13.02+ 2 $ 


Q 00 + 1.39 

S.S8_ 202 


0.91 




35 


21:42:12.6 


-44:10:10 


26 52 +0 - 23 


28 - 09 -o:2 


26 26 +0 - 20 


41 +50 
^ 1 -20 


8.08*| 4 


c c 1 +0.89 
J -1.32 


0.57 



a These objects have not been observed spectroscopically. 



